A greater knowledge of the burden of HIV in rural areas of Southern Africa is needed, especially among older adults. We conducted a cross-sectional biomarker survey in the rural South African Agincourt Health and Sociodemographic Surveillance site in 2010Á2011 and estimated HIV prevalence and risk factors. Using an ageÁsex stratified random sample of ages 15', a total of 5037 (65.7%) of a possible 7662 individuals were located and 4362 (86.6%) consented to HIV testing. HIV prevalence was high (19.4%) and characterized by a large gender gap (10.6% for men and 23.9% for women). Rates peaked at 45.3% among men and 46.1% among women Á both at ages 35Á39. Compared with a similar study in the rural KwaZulu-Natal Province, South Africa, peak prevalence occurred at later ages, and HIV prevalence was higher among older adults Á with rates above 15% for men and 10% for women through to age 70. High prevalence continues to characterize Southern Africa, and recent evidence confirms that older adults cannot be excluded from policy considerations. The high prevalence among older adults suggests likely HIV infection at older ages. Prevention activities need to expand to older adults to reduce new infections. Treatment will be complicated by increased risk of noncommunicable diseases and by increasing numbers of older people living with HIV.
Introduction
Among world regions, sub-Saharan Africa continues to have the highest burden of HIV/AIDS (UN Joint Programme on HIV/AIDS, 2010). Within sub-Saharan Africa, the epidemic in South Africa remains one of the largest in the world (Shisana et al., 2009) . Evidence from 2002 to 2008 suggests that in South Africa HIV prevalence has stabilized, with a reduction among adolescents from 2005 to 2008. However, national estimates mask regional heterogeneity, with KwaZulu-Natal having the highest estimated regional prevalence of 21.5% (Welz et al., 2007) .
Gaps remain in understanding the HIV epidemic in South Africa, and detailed information from rural areas remains scarce (Welz et al., 2007) . Surveys often ignore HIV burden among those older than 50 (Mills, Rammohan, & Awofeso, 2010) . A study at the Africa Centre health and demographic surveillance system (HDSS) site in KwaZulu-Natal in 2007 expanded HIV surveillance to include all eligible individuals aged 15'. It found high HIV prevalence among older adults and indicated the need for greater understanding of the burden, treatment, and prevention needs of this population (Wallrauch, Barnighausen, & Newell, 2010) .
To address these gaps, we estimated HIV prevalence and its association with several sociodemographic factors in a rural population in South Africa near the Mozambique border. We compare our results with two studies from the Africa Centre HDSS (Wallrauch et al., 2010; Welz et al., 2007) and the 2006Á2007 Swaziland Demographic and Health Survey.
Method
The rural study site is situated in northeast South Africa in the Bushbuckridge subdistrict of Ehlanseni district, Mpumalanga Province (Figures 1 and 2) . By mid-2011, the population under surveillance comprised some 90,000 people in 27 villages. The MRC/ Wits Rural Public Health and Health Transitions Research Unit (Agincourt) annually monitors deaths, births, and migration in this population since 1992 (Kahn et al., 2012) . For this cross-sectional study, we randomly selected 7662 individuals, stratified by age and sex, from an eligible population of 34,413 using the 2009 HDSS census round as the sampling frame. Inclusion criteria were men and women aged 15 ' who were permanent residents prior to the 2009 *Corresponding author. Email: work@samclark.net AIDS Care, 2013 Vol. 25, No. 9, 1122Á1128, http://dx.doi.org/10.1080 /09540121.2012 census round. We incorporated an oversample of 284 adults over age 50 from a prior study of older people (The 2006 Study on Global Ageing and Adult Health (SAGE) studied the health and well-being of a sample of 425 adults aged 50 '). Recruitment occurred during August 2010ÁMay 2011.
All sampled persons were visited in their homes up to three times. The field team included 10 fieldworkers, 1 field supervisor, and 1 project site manager, all trained in the field research protocol, HIV counseling, and collection of dried blood spots. The interview (approximately 45 minutes) included the following: informed consent (assent for minors); sexual behavior and chronic disease risk factors questionnaires; anthropometric measurements; and collection of biomarkers for diabetes, cholesterol, and dried blood spots for HIV. No material incentives were provided to participate in the study. Test results were made available to participants one month after enrollment at the two health facilities in the area offering antiretroviral treatment. Blood spots were tested using screening assay Vironostika Uniform 11 (Biomerieux, France), and positives were confirmed by the SD Bioline HIV ELISA test (Standard Diagnostics Inc., Korea). If screening and confirmatory assays did not agree, a third assay was done. Following WHO criteria, this third assay determined the final result. We used a probit regression to model sociodemographic risk factors for HIV status among those who were tested. Predictors included sex, fiveyear age group, quintiles using 2009 household socioeconomic status, previous migration status, AIDS Care 1123 village, gender of household head, nationality, education in years, and union status.
We performed all analyses using Stata 11.2 (StataCorp, 2009). Models incorporated probability weights to produce population estimates.
The study received ethical approvals from the University of the Witwatersrand Human Research Ethics Committee and the Mpumalanga Provincial Research and Ethics Committee. Figure 3 shows the recruitment flowchart. Of the 7662 randomly selected participants, 469 (6%) were found ineligible. Of the remaining 7193 eligible participants, 5037 (70%) were located. Of these, 353 refused to participate (7%), 322 consented to interview, but not HIV testing (6%), and 4362 consented to both interview and HIV testing (87%). Table 1 presents sociodemographic characteristics of males and females from the eligible sample. Table 2 presents sex-and age-specific HIV prevalence rates estimated from those who were tested.
Results
A probit regression estimated HIV sociodemographic risk factors for the tested sample (Table 3 ). An interaction between sex and age improved model fit (pB0.001). Those in the high SES quintile had lower probability of being HIV 'relative to those in the low quintile (pB0.001). Men aged 15Á19 (p0 0.001), 20Á24 (p B0.001) and 25Á29 (p B0.001) had lower probabilities of being HIV 'relative to sameage women. Men aged 55Á59 (p00.020), 60Á64 (p0 0.110), and 65Á69 (p 00.013) had higher probabilities of being HIV 'relative to same-age women. Those in a male-headed household had lower probability of being HIV'(p 00.010), while South Africans had higher probability of being HIV 'relative to non-South Africans (i.e., those not of South African origin, namely former Mozambican refugees) (p 00.031). Those with the most education had lower probability of being HIV 'relative to those with no education (p 00.028). Those in union currently had a lower probability of being HIV'(p00.001), while those who were in union previously had a higher probability of being HIV'(p00.049) relative to those who had never been in union. Figure 4 (A) presents Agincourt HIV prevalence estimates by sex and age. The estimate for all ages was 19.4% (23.9% for females and 10.6% for males). Males had peak prevalence of 45.3% at ages 35Á39 and prevalence remained over 15% until age 70. Females had peak prevalence of 46.1%, also at ages 35Á39, with prevalence remaining over 10% until age 70. HIV prevalence among those 50'was 16.5% (16.1% females and 17.7% males). Figure 4 (B) presents sex-and age-specific prevalence estimates based on two studies from KwaZulu-Natal Province (Wallrauch et al., 2010; Welz et al., 2007) , and Figure 4 International, 2008) . Geographically, Swaziland sits between the Agincourt and KwaZulu-Natal study sites. HIV prevalence estimates are comparable between studies but age patterns somewhat differ. In KwaZulu-Natal and Swaziland, prevalence is skewed to the left, with high prevalence among younger ages that steadily declines with age. In Agincourt, HIV prevalence peaks at slightly older ages, with slower decline with age. Similar to its geography, the Swaziland results are intermediate between KwaZulu-Natal and Agincourt.
Discussion
Using a cross-sectional biomarker survey, we estimated HIV prevalence in rural South Africa for adults aged 15'in 2010Á2011. We found high prevalence comparable with KwaZulu-Natal, the AIDS Care 1125 region recognized to have highest prevalence in South Africa (Wallrauch et al., 2010; Welz et al., 2007) and nearby Swaziland. As in the South-African sites, prevalence for those aged 50Á54, 55Á59, and 60Á64 from the 2006Á2007 DHS of Swaziland are relatively high and show no sign of quickly approaching 0 as age increases; prevalence among the oldest age group A relatively large HIV burden among those who were 50'raises several questions. First, it is unknown whether older individuals contracted HIV at earlier ages and survived for long periods, or whether they acquired HIV at older ages; additional analyses of sexual risk behavior among older adults are needed. Antiretroviral therapy rollout in the study site only began in 2007 Á future studies are needed to determine uptake and coverage. Second, high prevalence among older people may affect their capacity to care for grandchildren, creating an epidemic that affects both older people themselves and those under their care (Kautz, Bendavid, Bhattacharya, & Miller, 2010) . Third, older people who also suffer from chronic noncommunicable diseases (NCDs) will need to use health facilities more frequently, seeking chronic care for both NCDs and HIV.
The Agincourt and Africa Centre HDSS sites are widely separated, with Swaziland in between. The similarity of HIV prevalence estimates in all three areas and the gradient they form suggest that HIV prevalence of this general sexÁage-specific magnitude (through to older ages well beyond 50) is typical in rural South Africa.
Two conclusions are clear: (1) consideration must be given to expanding prevention activities to older adults and (2) health care systems need to include HIV 'older adults in treatment plans. Effective treatment will be complicated by increased prevalence of NCD in older people, requiring coordination of care and follow-up, and by increasing numbers of older people living with HIV (Levitt, Steyn, Dave, & Bradshaw, 2011) .
We contemplate two longitudinal follow-up studies of HIV Á participants to estimate incidence and of HIV 'participants to investigate entry into treatment, adherence, resistance, and other outcomes important to people living with HIV.
